A mutant Escherichia coli tyrosyl-tRNA synthetase utilizes the unnatural amino acid azatyrosine more efficiently than tyrosine.
Alloproteins, proteins that contain unnatural amino acids, have immense potential in biotechnology and medicine. Although various approaches for alloprotein production exist, there is no satisfactory method to produce large quantities of alloproteins containing unnatural amino acids in specific positions. The tyrosine analogue azatyrosine, l-beta-(5-hydroxy-2-pyridyl)-alanine, can convert the ras-transformed phenotype to normal phenotype, presumably by its incorporation into cellular proteins. This provided the stimulus for isolation of a mutant tyrosyl-tRNA synthetase (TyrRS) capable of charging azatyrosine to tRNA. A plasmid library of randomly mutated Escherichia coli tyrS (encoding TyrRS) was made by polymerase chain reaction techniques. The desired TyrRS mutants were selected by screening for in vivo azatyrosine incorporation of E. coli cells transformed with the mutant tyrS plasmids. One of the clones thus isolated, R-6-A-7, showed a 17-fold higher in vivo activity for azatyrosine incorporation than wild-type TyrRS. The mutant tyrS gene contained a single point mutation resulting in replacement of phenylalanine by serine at position 130 in the protein. Structural modeling revealed that position 130 is located close to Asp(182), which directly interacts with tyrosyladenylate. Kinetic analysis of aminoacyl-tRNA formation by the wild-type and mutated F130S TyrRS enzymes showed that the specificity for azatyrosine, measured by the ratios of k(cat)/K(m) for tyrosine and the analogue, increased from 17 to 36 as a result of the F130S mutation. Thus, the high discrimination against azatyrosine is significantly reduced in the mutant enzyme. These results suggest that utilization of F130S TyrRS for in vivo protein biosynthesis may lead to efficient production of azatyrosine-containing alloproteins.